Introduction
Hereditary angioedema (HAE) is a rare autosomal dominant disease caused by the deficiency of C1 inhibitor (C1INH). This HAE due to C1 inhibitor deficiency (C1INH -HAE) manifests as subcutaneous and submucosal angioedema, which can affect any part of the body.
1
The deficiency of C1INH 1,2 disturbs the complement cascade, coagulation, kinins, and fibrinolysis and results in an uncontrolled release of bradykinin, the main mediator in C1INH -HAE. 3 Previous studies supported the involvement of blood coagulation and fibrinolysis in the pathophysiology of C1INH -HAE despite the absence of clinically relevant thrombosis and hemostatic disorders.
4,5
To our knowledge, there have been no reports on the properties of plasma fibrin clot in relation to thrombin formation in this disease despite evidence on their role in several pathologies. 6 We sought to evaluate thrombin generation and fibrinolytic potential along with factor VIII and fibrin clot density in patients with C1INH--HAE during remission and acute angioedema attack.
Patients and methods Patients
The study included 15 adult patients with C1INH -HAE in remission and during angioedema attacks. The control group included 15 healthy individuals matched for age, sex, and body mass index. The diagnosis of C1INH -HAE was established on the basis of the patient and family history, on the examination during attacks of angioedema, and reduced C1INH antigen as well as C1INH activity below 50% of the reference values. 1 The study was performed during remission (no attacks for at least 2 weeks) and in the first 3 to 5 hours of acute angioedema attack. Patients with comorbidities and those receiving any long -term medication (including tranexamic acid or danazol) were ineligible.
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In remission, patients with C1INH -HAE had similar fibrinogen and TAT levels as controls (median [interquartile range (IQR) Patients with C1INH -HAE during the attack compared with remission had 91.7% higher fibrinogen levels, 325.8% higher TAT levels, and 11.5% increased FVIII activity (TABLE 1) . During the attack, FVIII levels were associated with peak thrombin (r = 0.55, P = 0.04), while a similar association in remission tended to be significant in remission (r = 0.5, P = 0.069). No other associations were observed for FVIII activity and fibrin clot properties.
Of note, we have not found differences in TAT levels between patients with C1INH -HAE and with erythema marginatum (n Discussion Our study is the first to show elevated FVIII activity and increased thrombin generation reflected by TAT and in vitro thrombin generation potential in patients with C1INH-HAE. However, our results are based on a small group of patients and should be confirmed in a larger study that would also assess coagulation factors (especially von Willebrand factor) and their relationship with the duration and severity of an edema attack. Recently, increased thrombin generation assessed by CAT has been shown in patients with a chronic urticaria and a history of angioedema compared with patients with urticaria alone. 10 An association between increased thrombin peak, elevated TAT, and FVIII levels may explain high D -dimer levels in patients with edema attacks, which are considered a biomarker of blood coagulation activation and fibrinolysis.
5 Interestingly, increased FVIII activity in patients with C1INH -HAE during an angioedema attack and in remission is a novel observation. Recent studies have suggested the possible active involvement of Clot lysis time was measured using the assay by Pieters et al. 8 It was defined as the time from the midpoint of the clear -to -maximum--turbid transition, which represents clot formation, to the midpoint of the maximum -turbid -to--clear transition.
Calibrated automated thrombogram Thrombin generation kinetics were measured with a calibrated automated thrombogram (CAT; Thrombinoscope BV, Maastricht, the Netherlands) according to the manufacturer's instructions. 9 Each plasma sample was analyzed in duplicate. The maximum concentration of thrombin formed during the recording time was described as the thrombin peak and the area under the curve represented endogenous thrombin potential.
Statistical analysis Categorical variables were analyzed by the Pearson χ 2 test. Continuous variables were expressed as median and interquartile range. Normality of the data was assessed using the Shapiro-Wilk test. The groups were compared using the t test for normally distributed continuous variables. For nonnormally distributed continuous variables, the Mann-Whitney test and the Wilcoxon rank test were used. Associations between variables were assessed by the Spearman rank correlation analysis. P values of less than 0.05 were considered significant.
Results
Patients with C1INH -HAE did not differ from age-, sex-, and body mass index-matched controls (all P >0.05). Eight patients (53.3%) had a positive family history of C1INH -HAE. The mean age of HAE onset was 9.9 years (range, 3-22 years). In 8 patients, angioedema attacks were preceded by erythema marginatum. some blood clotting factors such as FXII and tissue factor-FVIIa complex 2,11 in the pathomechanism of C1INH -HAE. We observed no difference in plasma fibrinolytic potential and fibrin clot density between patients with C1INH -HAE (regardless of remission or attack) and controls, despite elevated thrombin formation markers in the former group. This could explain, at least in part, the absence of thrombotic manifestations despite very high D -dimer levels found in patients with severe HAE attacks. 5 In most cases, efficient fibrinolysis seems to protect against thrombosis. However, high thrombin formation might suggest clinical benefits from thromboprophylaxis in some patients with high D -dimer levels during a severe attack.
During attack, contact system activation results in increased F1+F2 prothrombin fragment levels and shortening of activated partial thromboplastin time, 2 which indicates enhanced thrombin generation due to FXII activation. Some authors 2,11 reported that during attack, FVIIa levels are increased, suggesting that self -limiting thrombin generation may be due to the activation of the tissue factor pathway. This phenomenon under bradykinin control as suggested by Dong et al 11 deserves further research. Thrombin generation during attack activates thrombin activatable fibrinolysis inhibitor, which may indicate its effect on the regulation of fibrinolysis in this clinical setting. The involvement of endothelial activation in the pathogenesis of C1INH--HAE is in line with the study by Kajdácsi et al, 12 who showed a significantly increased activity of von Willebrand factor.
Our study shows that thrombin generation related with increased FVIII activity rather than impaired fibrinolytic potential may be involved in modulating angioedema attacks in patients with C1INH -HAE. However, the major study limitation was a small sample size, thus the presented data should be interpreted with caution. In order to fully understand the pathophysiology of C1INH--HAE as well as the role of thrombin formation, blood clotting, fibrinolysis, and endothelial damage in this disease, further investigation on larger group with long -term follow -up is required.
